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PREFACE

The Sea Grant Colleges Program was created in 1966 to stimulate
research, instruction, and extension of knowledge of marine rescurces
of the United States., In 1969, the Sea Grant Program was established
at the University of Mlami,

The outstanding success of the Land Crant Colleges Program, which
in 100 years has brought the United States to its current superior
position in agricultural production, helped initiate the Sea Grant con-
cept. This concept has three primary objectives: to promote excellence
in education and training, in research, and in information services in
sea related university activities. These activities include the areas of
science, law, soclal science, engineering, and business, It is believed
the successful accomplishment of these objectives will result in practical
contributions to marine oriented jndustries and government and will, in
addition, protect and preserve the environment for the benefit of all.

With these objectives, this series of Sea Grant Technical Bulletins
is intended to convey useful studies quickly to the marine communities
interested in resource development without awalting more formal publication.

While the responsibility for administration of the Sea Grant Program
rests with the National Oceanic and Atmospheric Administration of the
Department of Commerce, the responsibility for financing the Progran is
shared by Federal, industrial, and University contribution. This study,
The Movement of Effluent From the City of Miami Sewage Ocean Outfall, is
published as a part of the Sea Grant Program and was made possible by
Sea CGrant projects in Physical Oceanography directed by Dr, Thomas N. Lee.
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PREFACE

As this soclety becomes more awakenmed to its responsibility
to itself and the enviromment of which it is part, an awareness
develops regarding past indiscretions and present practices that
have had visible effects on the environument. This 18 as it should
be, for coupled with actions aimed at correction, these indiscretions
become valuable lessons for the maturing of man,

One of these indiscretions has been the use and placement of
ocean outfalls for removal of treated and untreated wastewater from
coastal areas. The intent of this thesis is to supply information
that can be used as an aid for the establishment of criteria
governing the use of ocean outfalls in general, and in particular,

the city of Miami's ocean outfall,

INTRODUCTION
Concern about the location of the city of Miami's ocean outfall
has existed for some time. This concern has fluctuated with each
new plece of information, This paper is the latest attempt to

determine whether the concern 1s well founded,

Background Information

The City of Miami Sewage Treatment Plant at Virginia Key and
its ocean outfall disposal system have been operating since 1956,
Aerial photographs taken by the National Coast and Geodetic Survaey
in 1962 (photograph nos. 62-5(C)820 through 62-5(C)822) coinci—
dentally contain a good view of the sewage outfall effluent (see
Plate 1), The photographs show the effluent plume heading for the

Norris Cut inlet, a condition which might be suspected of not meeting
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PLATE 1

Undyed effluent heading NNW and entering Norris Cut (top of photo)



the water quality standards for bathing waters in Norris Cut and
poselbly northern Biscayne Bay.

It 18 not known whether these photographs were seen by the
Miami city administrators; however, much time passed before any
action was taken with respect to the outfall, In this interval,

a great amount of work was done and knowledge gathered on other
ocean outfalls. An extremely enlightening and applicable three
year study was started in 1967 in a neighboring area. Florida
Ocean Sciences Institute did an extensive study on the Pompano
Beach ocean outfall (Lee, et al., 1971). This work uncovered

some impressive facts that helped precipitate action in Miami.

It was found that during the majority of the year, ''the effluent
will rige to the eurface forming a 'boil' and then move horizontally
with the resultant surface current forming a 'plume'... The
predominance of onshore winds produces a shoreward component in the
resultant surface currents. This causes the outfall plume to
travel at some angle toward shore, depending on the relative strength
of the wind and the longshore velocities induced by the Florida
Current." It was alsc noted that east—west neanderings of the
Florida Current and spin-off eddies produced by it generate "large
fluctuations in speed and direction of coastal currents," which

at times reinforce onshore movement of the plume. Thig report
stated that the intersection of the plume with bathing beaches

was predictable and noted the need to study and improve ocean out-
falls in southeastern Florida. Recognizimg this need, the federal
government, through the Environmental Protection Agency (EPA),

began an investigation of waste disposal in southeast Florida.



The result is a fairly comprehensive report in the form of an
environmental impact statement entitled "Ocean Outfalls and Other
Methods of Treated Wastewater Pisposal in Southeast Florida."
This report states that "ocean outfalls are considered (by the EPA)
an interim solution to total wagtewater disposal until reuse and
reclamation methods are identifipd, developed, and implemented."
Cited among disadvantages of use of ocean outfalls were the destruc—
tion of reefs during construction of pipelines and a rendering of
portiong of recreational waters "aesthetically unpleasing as well
as potentially hazardous, {rom a public health standpoint, for
water contact activities."

The city of Miaml started an investigation of 1its outfall
discharge in early 1971. Its intent was to gather evidence of
posaible inlet and bay contamination with sewage effluent and to
determine if a need existed to extend the outfall pipeline,

Several groups were asked to do some quick studies. The United
States Geological Survey did a one day dye study and found the
plume entering Norris Cut. The National Oceanic and Atmospheric
Administration {(NOAA) did dye studies on two separate days, using
rhodamine WT dye end a fluorometer (Mayer, 1972). Traces of dye
were found in Norris Cut on the first day and in Bear Cut on the
gecond day., A one day study was done by the University of Miami
(Lee and Teytaud, 1%71}. They also used a dye tracer and found the
plume heading for Govermment Cut. All of these studies were done
on flood tide. A correlation between the wind direction and the
pregence of dye in & particular inlet seemed to be observable.

With a northerly wind, dye was found in Bear Cut; and during a



southerly wind, dye was measured in Norris Cut or Government Cut.
These investigations were not extensive, but evidence of onshore
drift of sewage effluent from the Mjami Sewage Treatment Plant now

existed.

Statement of Objectives

The objective of this study has been to trace, with a failr
degree of accuracy and confidence, the path taken by the effluent
from the Miami Sewage Treatment Plant when it leaves the outfall
pipe in the Atlantic coastal waters. This was dene by use of a
simple but representative mathematical model and a varied field
project.

It was hoped that this work could be used to establish whether
a need existed for modifying the present ocean cutfall system, Om
July 1, 1971, the Florida Air and Water Pollution Control Board
handed down a federal order to the city of Miami to extend its
ocean outfall pipeline (Willits, 1972}, The results of this study
can now be used to justify the upcoming modification expenditures
and to help determine the proper location for the discharge point.
The city's present proposed outfall pipeline extension would put
the pipeline terminus some 2.9 n.m. {17,500 feet) east of Virginia
Rey in 90 feet of water (see Fig, 1). This work will make & judg-

ment and a recommendation on this proposed leocation.

Description of Area

The sewage treatment plant eon Virginia Key serves "fifty-five
percent of the year round population of Miami" {(Slcan, 1966). The

plant, rated as a secondary treatment complex, makes use of a modified
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activated sludge system for organic matter removal, settling tanks
for settleable solids removal, and chlorination for bacteria kill
(Dinn, 1971). The present plant effluent discharge rate is approx-
imately 57 million gallons per day {(m.g.d.){Backmeyer, 1972), This
rate will increase in the near future, for it is planned to pump

the wastewater from Miami Beach to the Virginia Key plant for treat-
ment and disposal (Willitg, 1972), This will produce a combined
discharge rate of approximately 85 m.g.d.

The plant effluent is discharged into the coastal waters off
Virginia Key via a 4,500 foet long, 90 inch in diameter pipeline
(Hyperion Engineers, 1957)(see Fig. 1). The effluent is emitted
from three outlets in approximately 17 feet of water. Two outlets
must be orlented close to each other for the effluent, being less
dense than the surrounding waters, rises to the surface forming
only two boils. Since the separation distance is small (approximately
100 feet), the two boils rapidly combine and henceforth will be
referred to as a single bell, This boil is constantly present due
to the shallow water depths at the point of discharge. The boil
then becomes a plume as the surface currents move the effluent
horizontally. Hence, a plume is constantly present and free to be
moved about by the existing surface currents,

The ocean end of the outfall pipe ia in close proximity to
three inlets: 1.l nautical miles from the mouth of Bear Cut, 1
nautical mile from the mouth of Government Cut and only .7 nautical
miles from the mouth of Norris Cut (see Fig. 1). These inlets
form part of the water link between the Atlantic Ocean and Biscayne

Bay.



some difficulty was encountered when attempting to find a
meaningful value for the synoptic tidal volumes through these inlets.
The standard data used for studies in the north Biscayne Bay area has
been the work of Minkin (1949) and Hela (1957)(both used current
meter data from inlets). Volumetric data gathered by McGuiness (1967),
who used vertical profiled current meter data, showed some variance
in values from Minkin's and Hela's data. This difference was due
moetly to the construction of the Dodge Island complex and the asso-
ciated dredge and f1ll operations, which occurred after Minkin and
Hela made their meagurementg., It was decided that McGuiness' data
for flood tide volume was more representative for Government Cut
and Norris Cut than Minkin's or Hela's.

This decision was made with the aid of a volumetric flow rate
ratio (QR), derived from Manning's formula (Dronkers, 1964). The
ratio was established between the average physical dimensions
(width = b, depth = h) of Government Cut (G.C.) and Norris Cut {N.C.),

essuning an equal hydraulic gradient and roughness at each fnlet.

Hence,

5/3
b.c. e.c,’

Qg = 573 °
by.c. Py.c.’

This ratio was uged only as a rough means of assistance in

1)

determining the flow rate values best to use, Being applied in
this capscity, the limitations of the ratic were deemed acceptable,
those being: 1) b + » for R (the wetted perimeter), in Manning's
formula, to be replaced by h, and 2) Norris Cut has a tidal range
which 1g large with respect to h. Recognizing this, the ratio was

t
hen cowpared to the QR'B obtained from the flow measurements made

by Hela (1957)- Minkin (1949), and McGuiness {1967) 1in Government



Cut and Norris Cut, The volumetric f£low rate ratio formed from the
McGuiness data showed the best agreement with Eq. 1) and these data were,
therefore, deemed most acceptable,

The floed tide volume for Bear (Cut was measured by Marine
Acoustical Services (1966}. These measured volumes were adjusted
te the same tidal range as measured during the McGuiness experiment,
in order to have equivalent tidal forcing. The values for the flood
tide volume of the three inlets are listed in Table 1,

The tidal flow threugh the nearby inlets, fluctuations of the
Fleorida Current, and local wind forcimg all have a marked effect on
the current in the study area. The semidiurnal ebb and flood of the
flow through the inlets influence the water motion at the outfall
outlet location due to the combined effect of the large flow rates
and the close proximity of the inlets to the outfall terminus.

The Florida Current is the portion of the Gulf Stream which
runs along the east coast of Floxida in a northerly direction. The
Continental Shelf extends some three miles east of the outfall out-
let; hence, the area around the cutfall does not experience the full
force of the Current but only a fringe portion of it. This contribu~
tion to the overall forces working on the effluent plume is highly
unpredictable due to the random nature of the perturbations in the
western region of the Florida Current. The current exhibits large
fluctuations in its speed and direction which are partially due to
tidal modulations and east~west meandering (Diing, 1973). The east-
west meandering brings the western edge of the Florida Current further
from or nearer to the outfall,

Another confusing characteristic of the Florida Current is ite

ability to generate spin-off addies. Lee (1972) observed spin-off
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eddies in the coastal waters off Boca Raton and FPompano Beach, Florida.
These eddies are formed in the west side of the Florida Current, travel
to the north through the coastal waters, and rotatre im a counter—
clockwise direction. Therefore, water between the coast and the west
side of the Florida Current can experience currents Lo the west, south,
and east at intervals during the passage of these eddies. However,
at the location of the Mliami outfall discharge, the effect of Florida
Current meanders and spin-off eddies is reduced by the shallow depths
and increased shelf width. It 1s believed that in these shallow
waters, tide and wind forcing is of greater importance in producing
the observed currents.

Strong support for this belief is evident in data generated by
a NOAA current meter, C.M. #1, which was located mnear the outfall
terminus, seven feet below the surface (see Fig. 1). These data
are displayed in Fig. 2a, a progressive vector diagram of a six day
current record (sampling rate was every 10 minutes) from C.M. #1.
The inlet effects, which are seen to be strengly evident, are fil-
tered out by a 17 hour low pass filter and the result is a much
cleaner progressive vector diagram, shown in Fig. 2b. The corre=-
sponding wind record, measured at Miami Beach, is shown as Fig. 2c.
wWhat is readily observable is the distinct dependency of the current
direction on the wind direction. Shown in a comparison of Figs. 2b
and 2c is the rapid response of the shallow water to the passing of
a classical clockwise weather frontal system (cold front) resulting
in an abrupt reversal of the water column. With the range of resolution
of the filtered data (6 hour resolution), there appears to be no phase

phase lag between the wind and the currents (Mayer, 1973).
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The record starts with the wind and current heading in a northerly
direction. On the third day the winds cycled in a clockwise direction
producing a strong southerly component. The current is seen to cycle
in a similar manner at this time and also develops a strong southerly
component. For two days the current had a definite onshore direccion.
After the fifth day the winds cycled back toward the north and the
current direction is seen to respond immediately. A 73 day record
made at C.M, #2 (see Fig. 1) by NOAA also repeatedly exhibited this
correlation.

This relationship is mathematically anticipated from Ekman's
treatment of pure drift currents in finite depth (Neumann and Pierson,
1966). Ekman's work predicts that the angle between the wind and the
surface current in water depths of 17 feet is approximately 3.4°
{(clockwise) or roughly aligned in the same direction.

The fileld work also consistently demonstrated that the surface
currents Iin the vicinity of the outfall were strongly influenced by
the wind. The orientation of the surface plume was repeatedly aligned
with the wind direction until the plume came within range of the inlet
tidal motion. At this point, the combined forces began observably
working on the plume. If the plume was close enough to the inlet to
overcome the wind-driven current, it was brought into the inlet, If
not, the wind-driven current carried the plume past the inlet.

A survey was made of the daily wind data gathered at Miami
International Alrport for the year of 1971. It was found that the
wind direction had a westward or onshore component 77% of the time.
Therefore, for a major portion of the year, the surface waters iun the
study area have a wind-induced current which encourages onshore move-

ment and possible entry into the inlets and bay.



pata gathered from the NOAA current meters in the area (C.M.'s
#1 and #2) show that a typical current velocity is approximately .35 k
to the north when the wind is out of the south (Mayer, 1973). As the
winde reversed direction to come out of the north, the currents
exhibit a similar speed toward the south. Therefore, .35 k will be

used later in the mathematical model as a representative current speed.

KINEMATIC MCDEL

The unique juxtaposition of the outfall and the three inlets of
Government Cut, Norrie Cut, and Bear Cut suggested that the use of a
kinematic, source-sink model would be a counvenient method for obtaining
& mathematical prediction for the effluent's motion once it leaves the
outfall pipe. The physical situation lends itself well to the use of
a stresn function, ¥, representation.

The concept of stream functions follows directly from a solution

to the continuity equation for ateady, incompressible flow,

3(hy) | 3(hv) _
K oY

0.

The average over-depth velocity components, u and v, are in the X
and Y directions respectively, with X positive to the east and Y
positive to the morth, Depth is denoted by h.

The streanm function, ¥, can then be defined ae

1y _
hoy °
2)
13¥
Rax "

Stresmlines can be identified with lines representing constant
values of the streap functiona. It can also be shown that a vectorial

combination of two-dimensional, incompressible flow fields can be

14
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accomplished by additien of thelr stream functions (Owczarek, 1968).
In this case, the individual flow fields to be considered are a) the
tidal flow through each inlet, b} the offshore currents generated by
the wind and the Florida Current, aqd c) the outfall itself. There-
fore, to obtain the resultant flow pattern in the study area, the

following relationship describing the total stream functicn, ?T' was

derived:

= + +
wT wBC + ?NC + tFGC * ?WI ?FC ?0. »

This expression is a linear combination of the stream functions of
all the major forcing factors on the flow in the study area. The

tidal flow through the inlets is represented by Y . for Bear Cut,

BC

N

induced currents and the entralnment by the Florida Current are

¥ c for Norris Cut, and wGC for Government Cut, The effects of wind-

represented by ¥

I and ?FC respectively. The outfall f{tself ie

represented by ?0.
During flecod tide, the inlets are depicted as two~dimensional

sinks and the outfall iz depicted as a two~dimensional source. A

two~dimensicnal sink is defined as a line into which the fluid flows

radially inward at a uniform rate, The stream function equation for

a sink {(Owczarek, 1968) dis:

"
¥oink T 4

where ¢ is the volumetric flow rate and g is the angle in radians
between the Y~axis and the radigl lines of the sink.

The inlets are not true sinks since they draw fluid in through
an arc of only 180°. To account for thig, the stream function

expreesion was doubled, The outfszll, therefore, "views" a more
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accurate flow situation with the full flood volume entering the inlets

on the "ocean side." This gives:

.—Q
?iulet n 8. 3
A two-dimensional source is defined as a line from which the

fluid flows radially outward at a uniform rate. Its stream function

squation ia:

-3 g 6)

wsource 2n
Therefore, the stream function expressions for the inlete

during flood tide and the outfall are:

Q

BC
Ypo "~ 8

e

Q 7

Wind-induced currents and currents entrained by the Florida
Current can be jointly depicted as a uniform flow. The stream
function expression for a uniform flow (Owczarek, 1968), which

impliea constant depth, ie:
q:UF-‘mKsinu—VhYcoau 8)

where V {5 the average over-depth velocity which ig assumed to
be constant over the flow field and ¢ is the angle between V and

the X-axis. Thig equation is adjusted to accomodate the use of

compass readings to form:

YUF = VhX cos & - VhY sin @ 9)

where 0 ig tp, angle between V and the Y-axis. Letting M = Vh



and substituting this inte Eq. 9) gives:

?UF = MX cag 6 -~ MY gin 8. 10)
The total stream function (Eq., 3)) now becomes the combination

of Eqe., 7) and 10):

Q Q Q QO
BC NC GC
YT - - B - = B~ - 8 +'f; B + MX cos 8 - MY sin 6. 11)

This equation then describes an idealized model of the study
area. The model 1s that of a constant depth, borderless {no shore)
bagin with three sinks and one source in it, The constant water depth
assumed is 17 feet (the depth at the outfall), when actually the bottom
slopes from 17 feet at the outfall terminus to as shallow as 1 and 2
feet at places near the inlets, The ideal fluid (i.e., nonviscous,
irrotationsgl) flows through the system at a uniform and constant
rate, A congtant tidal flow through the inlets is another simplifi-
cation since the actual flow varies sinusoidally with time. The
model is a compromise. Simplicity was maintained by avoiding compli-
cating boundaries which, as will be demonstrated in the comparitive
analysis section, did not detract from the model's ability to produce
meaningful results.

The values ueed in Eq. 11) for the inlet volumetric flow rates
(see Table 2) were computed by permitting the inlet's flood tide
volumes of Table 1 to enter the inlets at a constant rate for the
full flood cycle. Therefore, the kinematic model represents the
flow into the inlets as constant (a square wave) where in actuality

the flow is more sinusoidal.



TABLE 2
Constants for Eq. 11

= 40,0 x 103 ftslsec

e
e - 14.2 x 103 ftafaec
QGC = 41.5 x 103 ftglsec

2.1 x 10° £t3/gec

60

a) 0 ftzfsec {Case 1)

=
L}

b) 10.13 ft’/sec (Case 2)

The volumetric flow rate for the outfall was computed from the average
yearly discharge rate of 57 m.g.d. and was considered constant over
the flood tide period. The value for M (for use in Case 2 in Fig. 4)
was computed using a constant current speed of .35 k which has been
shown as a representative value for the areaz, and a constant depth of
17 feet,

In order to plot the total stream function, an idealized map
of the study area was created with the Y-axis of the coordinate system
corresponding to the north direction. For simplicity, all the inlets
were assumed to be located in a straight line. This minor alteration
of the actual coastline (Fig. 3) adds greatly to the gimplification
of the model's sclution and detracts little from its overall accuracy,
Equation 11) was then solved by systematically plotting each of its
s8ix components. The two cases solved are pictorially presented as
Figs., 3 and 4. Figure 3 (Case 1) shows the flow pattern generated
by only the three inlets flooding and the outfall; i.e., M = O,
Figure 4 (Case 2) shows the flow pattern for a northward uniform flow

of .35 k in conjunction with the three inlets flooding and the outfall.
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FIGURE 3

Flow pattern generated by three inlets (flooding)} and outfall
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FIGURE 4

Flow pattern generated by three inlets (flooding),
outfall, and .35 k uniform north flow
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The comparitive strength of the drawing force of the inlets ia
readily observable in Fig. 3. The streamline spacing is a direct
measure of the flow rates. The tighter the streamline pattern, the
greater the flow rate, Therefore, the larger flow rate, and hence,
the greater influence of Government Cut and Bear Cut compared to
Norris Cut, is quite noticeable.

With the addition of the northward .35 k uniform current (see
Fig. 4), the streamline pattern alters greatly, It ig clearly evident
that the ccastal currents have a pronounced effect on the flow pattern.
The streamlines follow a near northerly direction at the outfall as
a result of the northerly coastal current, As the flow approaches
the coast, the streamlines become distorted toward the west due to
the sink effect of the nearby inlet. A similar flow pattern would

exist for a southerly current due to the location of Bear Cut.

EFFLUENT PARTICLE MOVEMENT
The kinematic model gives an understanding of the spatial

distribution of the flow in the study area. However, augmenting
temporal information is necessary for a more complete understanding
of effluent movement, Therefore, efforts were made to follow a
particle of effluent in space and time after it surfaces at the
outfall terminug. This wae done by applying Eq. 2) directly to the
streamlines generated by the kinematic model in Figs. 3 and 4. With
this relationghip, two points on the streamline will yield the veloc-
ity components (u, v) along the streamline. The particle is assumed
to flow as the surface current; therefore, u and v are the compoments
of the particle's velocity in the X and Y directions, respectively.

By selecting a time interval (At) small enocugh to minimize inaccuracies
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incurred by the curvature of the streamline, these velocities can
yield particle dieplacements (S} in the X and Y directions, using:
sx - Jhdt e u(At)
12)
8y = Ivdt = y(At).
Therefore, the particle's path can be charted by registering its
displacements after each time interval. The path is then known
both in aspace and time.

This technique was used for Cases 1 and 2 with the first inter-
ation taken on an effluent particle at the outfall. The particle's
progreass was charted for each At. The results of this iterative
process are shown in Figs. 3 and 4 as dashed lines. These calculations
predict that an effluent particle will cover alﬁost half the distance
between its origin, the outfall, and Government Cut 1in one hour when
the inlets are flooding and a .35 k northward coastal current exists
(Case 2), When no uniform flow is present (Case 1), the effluent
particle will enter Norris Cut in approximately four-and-one half
hours,

It can then be stated that the effluent emgnating from the ccean
outfall is within the area of influence of the nearby inlets. When
conditions exist as presented in Cases 1 and 2, the effluent can
predictably enter the inlets.

The results obtained from the kinematic model and the effluent
particle tracing were interesting and supplied impetus for the expansion
of the project. However, the limitations of plotting stream functions
for solving this problem became obvious early. The procedure was found

to be very lengthy and tedious. New data and mathematical errors



usually required a complete repetition of the gtream function plots
which took much time to generate. The data input was restricted to
use of a square wave tidal cycle, and inherent weaknesses in the
plotting technique did not permit the particle to be traced to the
shoreline or into the inlets, The combination of these limitations
and the desire to test additional cases lead to the generation of a -

computerized version of the stream function model.

PARTICLE TRAJECTORY COMPUTER PROGRAM

The techniques and equations used in the kinematic model and
the effluent particle tracing were adapted to form a computer program.
This program will essentislly repeat what was previously done by
hand but at a higher degree of accuracy and with a great deal Imore
flexibility.

The reference system was converted to a Cartesian coordinate
system. The reference axis 1s oriented such that positive ¥ is to
the north and positive X is to the east. The origin of the axis
system is located such that the coordinates of the inlets are as

depicted in Fig, 5. Equation 11) 1s now rewritten for this system as:

¥, = - E-I-*-C- t (XP-XBC) - QNC t EPLXN_Q)
T - arc rcan (Y P_YBC ) arc tan (YP-YNC)

- — - arc tan W + 75 4rc tan —(Y_p:Y_oT 13)

+ HXP cos § - MYP sin 6.
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Predicted effluent particle trajectories
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C
Cut, XNC and YNC for Norris Cut, ch and YGC for Government Cut, and

The inlet outfall locations are fixed with ch and YB for Bear

xo and YO for the outfall. These arg illustrated on Fig, 5, XP and

YP are the coordinates for the partigle's location.
This equation then expresses the total stream function at a

point (particle's location). Taking the derivatives of Eq, 13)

with respect to X and Y (see Eq. 2) ylelds:

Qpc Kp—Xpc) Qe Xp~Xyc)
ueMgin b - > 2~ 3 7
Tl (Tp-Tpe) " + (KpKpd ] A[(pYy)” 4 ZpXye) ]
v, + Gx)?] 2nlrr? + (xx %y
14)
Qpe (Yp~Tpe) Qe Tp=Yye)
v=Mcos 6 - > - 5 3
TLEp-Yp )" + (KpXp)™] ml (YY) + (XpX)7]

- + .
u[(YP-YGC)2 + (xP-xGC)ZJ 2n[(YP-Y0)2 + (xP-xo)z}
Particle trajectories were computed by solving for the displace-
ments (Sx. SY) with Eqs, 12) and 14) using an iterative technique
and then summing these displacements with time. A time interval
(At) of 10 minutes was found to produce fairly smooth trajectories.
With this interval 1t took 37 iterations to cover the complete flcod
tide cycle (6.2 hours).
Some representative particle trajectories are plotted on Fig, 5.
These plots were generated by placing the particle displdcements at
every 10 minutes as predicted by the computer program on the reference

system. The result is a pictorisl representation of a particle’s
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trajectory originating at the outfal} and, in the cases illustrated,
traverging its way toward one of the inlets. Numerous caseg have been
run using the values for the volumetgic flow rates (Q's) and the
uniform flow velocity (M for Case 2) listed in Table 2. The uniform
direction angle 6 was varied in each case. By varying 9 every 5
degrees, a range of influence was found. This range of influence
represents the range of angles over which the uniform flow can vary
and ati1l bring the effluent within the. influence of, and thereby
entry into, cne of the inlets. It was found that with a uniform
flow velocity of .35 k, the range of influence is between 210°

and 40° (Fig. 5).

There 1s no rigid boundary (shoreline) in the program; hence,
the traces curve around the representative iuleté in some of the
trajectories. The particle travel time (tt) from the outfall to the
inlet 1is measured at the closest position of the trajectory to the
inlet. The travel times for all of the particle trajectories in the
range of influence are less than the flood tide time of 6.2 hours.
Therefore, the effluent has sufficient time to get to and entey the
inlets before the tide shifts to ebb. 1In fact, if a typical inlet
current sepeed of 1 k over a 1 ngutical mile distance between ocean
and bay 1s considered, there is sufficient time for the effluent

particles to reach the bay before the tide shifts,

MODEL EVALUATION
Dye tracing experiments were undertaken to obtain field data
for use in evalusting the model's ability to accurately determine
the effluent’s trajectory and thereby determine the validity of the
predictions. Six experiments were conducted over a six day period.
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Five of the experiments used fluorescein dye as & tracer, and the
remaining wag conducted with rhodamine WT.

These dye studies of the effluent supplied detailed, tangible
evidence of the effluent's path and destination; They also afforded
the opportunity to collect chemical and biological samples which
will be discussed later on in this paper. These experiments were
timed in an attempt to observe the effects of the flood tide on
the effluent., Therefore, the daily activities started at the
beginning of flood tide.

The prime obgervational and sampling platform for all experiments

was a 22 foot Aqua-sport with twin 50 h.p. outboard engines.

Fluorescein Dye Experiments

Fluorescein dye was used as a means of tagging the surface
movements of the effluent. The dye, obtaihed in powder form, was
mixed in quart jars the day before each experiment, It was found
that a mixture of approximately one-third pound of dye for one
gallon of water gave a solution that, when poured intc the outfall
boil, produced a suitable dye patch for visual tracking.

To mark the effluent, one quart of this dye solution was poured
into the boil at the start of each experiment. On several experiments,
this was repeated such that more than one patch was generated. The
subsequent dye patch(es) was then followed by boat. The greenish
yellow fluorescence of fluorescein happens to fall in the region of
maximum sensitivity of the eye (Turner, 1968). Hence, this dye was
a good choice for following visually. The dye could be seen for
approximately one-half mile. Depending on diffusing and mixing

conditiong, it could be followed for one~half to three-quarters of
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s mils before it became too difficulg to distinguish from the surround-
ing waters, The course of the patch was registered by taking sextant
aightings at spaced time intervals qn three known shore locations.
When the patch diffused to the point where it wag difficult to observae,
it was seeded by pouring approximately one~half pint of the dye solu-
tion on the most concentrated portion of the plume. The operation of
parking the plume, following the patch, sighting its location, and
seading the fading patch when necesasary was continued until the end
of the test day. When more than one was started at the boil, the
task became one of repeatedly eighting each patch in order to trace
the separate paths.

The sightings for location were recorded ae statioms. Both
the sextants' readings and the time were entered in the record. Thesge
stations were also used as the points where many chemical and biolog-
ical samples were taken.

Wind measurements were made by a recording anemometer located
on the roof of the Tropical Atlantic Biological Labofa:ory {TABL)
(see Fig. 1). These data are presented in Table 3.

Fluoresceiln dye proved to be a most convenient and economical
way to trace the surface and, hence, the effluent plume. The dye
traces made on several different days are presented as Figs. 6
through 9. On all these traces the strong dependency of the dye
plume direction on the wind direction 1s consistently evident. Om
April 3, 1972 (see Fig. 6), the wind had a southeasterly direction as
did the initial dye plume. The dye plume is seen to have turned
toward Bear Cut as it came within the influence of the Cut. Two dye

patches were established on this day. The variance of the two



TABLE 3

Wind Data®* for pays ¢f Dye Survey

23

Date Tine Wind Direction (%) Wind Speed (mph)

340 8
3 April 1972 9500 a0 :
experiment 0700 340 8
started 0700 0800 350 9
(EST) 0900 350 8
0500 115 9
experiment 0700 105 9
started 0724 0830 100 10
(EST) 0900 100 10
0600 105 <8
5 April 1972 0700 90 <B
experiment 0800 50C <8
gstarted Q745 0900 105 <8
(EST) 1000 90 <8
1100 100 <8
1200 150 <8
0500 310 ' <8
0600 305 <8
6 April 1972 0700 310 <8
experiment 0800 320 8
started 0705 0900 310 g
(EST) 1000 320 g
1100 315 8
0600 150 <8
0700 140 ' <8
7 April 1972 0800 150 <B
experiment 0900 210 <8
started 0815 1000 200 <8
(EST) 1100 200 B
1200 145 8

1300 150 9 .
0800 320 4
0900 320 4
1000 340 2
5 May 1972 1100 360 3
experiment 1200 10 4
started (0950 1300 40 8
(DST) 1400 35 9
1500 &0 9
1600 50 9

*Data from anemometer and vane at TABL
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eeparate dye traces 1s a resulf of the interaction of the outfall,
considered as a source, with & uniform flow. Initially the dye moves
radially from the center of the soupce (bo1l) until the strength of
the radial flow decreases in magnitude in comparison to the prevailing
current. At this point, the dye patch will follow the current.

An estimate of the particle travel time (tt) from the outfall

to Bear Cut was made using the equation:

s, S
s 15)
A s

where SA = particle path distance from the outfall to the mouth of

Bear Cut,
Vh = particle velocity from the outfall to the mouth of Bear Cut,
SB = particle path distance from the mouth of Bear Cut to the

Bear Cut bridge, and
VB = particle velocity from the mouth of Bear Cut to the

Bear Cut bridge
as seen in Fig, 6, VA is the mean of the two dye patch velocities.
The value used for VB was that of the mean velocity over an average
flood cycle. This average flood cycle was derived from several weeks
of data gathered by the University of Miami in 1971. §, and SB are
meggured along the projected path, Equation 15) estimates that the
effluent reached the Bear Cut bridge in approximately 3.5 hours.
Since this is well within the time duration of the flood cyele, the
effluent not only entered Bear Cut but also had enough time to enter
Biscayne Bay. This finding and those to follow give strength to the
belief that the effluent and its constituents enter the bay, Measure-

ments presented later on will help establish these constituents

qualitati{vely and quantitatively.
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On April 4, 1972, the winds were out of the east. The plume's
trajectory displayed a westerly component in response to this wind.
It also had a northern component {see Fig. 7)., This northern compomnent
is probably due in part to the wind set-up at the coast due to the
presence of a shoreline and shallows. Equation 15) was modified; it

now reads:

s s
tt = vé + §§'+ 1.9 hours 16)
A B
where SA and VA are measured from the final station to the mouth of
Norris Cut, The value for VA was measured at this station using a

drift bottle. SB and VB are measured from the mouth of Norris Cut
to the entrance of the cut into Biscayne Bay. VB is & mean velocity
over an average flood cycle which was measured by McGuiness (1968).
Again SA and SB are measured along the projected path (see Fig. 7).
The dye took 1.9 hours to travel from the outfall to the final
station. Hence, the estimated travel time of the effluent from the
outfell to Biscayne Bay was found to be 3.75 hours.

On April 6, 1972, an cffshore wind moved the plume eastward
until it intersected a discontinuity in water properties (color,
clarity, current speed, etc.) associlated with what appeared to be
an extreme wegstward location of the Florida Current surface front.
After entering this frontal region, the dye was rapidly carried to
the north (see Fig. 8).

From the data gathered on April 7, 1972, a comparative time
znalysis between the wind and the progression of the dye plumes

clearly shows the rapid nature of the wind response for shallow

waters. The wind altered its speed and direction during this
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experiment in which three traces wery formed (see Fig. 9). Trace
1 was started at 0820 hours and moved out from the boil in an ENE
direction. The wind at this time was southerly at less than
8 m.p.h. Between 1000 and 1100 houﬁf, the wind speed increased
from the SSW; and Trace 1 responded by shifting to align itself
with the wind. As the dye plume proceeded further downstream, it
continued to shift, probably in response to the flooding of Government
Cut. When the wind direction changed between 1100 and 1200, Trace 1
was unaffected--most likely because it was already moving in the
general direction of the wind and had gained enough momentum to shoot
past Government Cut,
Trace 2 was atarted at 0859 and moved out from the outfall in
an ENE direction. As the wind increased in speed, Trace 2 aligned
itself with the wind direction. Wher the wind direction changed,
the dye plume ghifted again and followed a similar pattern as Trace 1.
Trace 3 was started at 1008 and proceeded to follow an ENE
direction while it was close to the outfall. As the wind changed
direction, Trace 3 turned toward the north and headed for Goverument
Cut. As it neared the cut, the dye plume Increased in speed and
was carried into Government Cut with the flood current. It took
2 hours and 35 minutes (2.6 hours) for the dye to reach the mouth
of Government Cut from the outfall, It is estimated that the
effluent reached the divergence point of the cut (see Fig. 9) 3.3
hours after surfacing in the boil. This data again points out that
the effluent’s behavior is strongly affected by the tides through
the cuta, the prevailing coastal current, and, in particular, the

wind speed and direction.



Fluorometrié¢ Measurements

On May 5, 1972, rhodamine WT dye and a Turner fluorometer were
used to follow and map the effluent plume. On this day, a joint
effort by the University of Miami (U/M), NOAA, and the Environmental
Protection Agency (EPA) produced conclusive evidence of the entry
of the sewage plant effluent into Biscayne Bay.

A 30 gallon drum of 207 solution rhodamine WT dye (0.2 rhodamine
WT and 0.8 ethylene glycol alcohol, density 1.2) was situated such
that its contents could be pumped into the plant effluent just before
final chlorination and entry inte the outfall pipe. The pump was
started at 0845 and the dyed effluent surfaced at 0950. This time
was chosen to be close to the start of flood tide in the inlets.

The predicted time of slack water between ebb and flood tide in
Government Cut on May 5, 1972, was 0953. The dye was pumped inte
the system continuously for six hours. During fluorometric measure-
ments, this rate of input was 3.4 gallons per hour (g.p.h.). In
this manner, the plant effluent was tagged for the full flood tide,

The same boat and pumping system, as will be described for the
salinity-temperature measurements (see Fig. 1l), was used for the
fluorometry rums, with the sensor and recorder now being the
fluorometer and a Rustrgk recorder, respectively., The fluorometer
was fitted with a continuous-flow door which received sample water
constantly from the probe via hosing and pump. The fluorometer's
measurements, in the form of O-1 milliamp signals, were recorded on
the Rustrak chart recorder.

The fluorometer used in the experiment was a G. K. Turner

Model III, which can measure concentrations as low as 0.0l parts



per billion (p.p.b.). Reference light aperature settings of 1x,
3x, 10x, and 30x were used to detect concentrations ranging from
0.01 to 30 p.p.b. The instrument was calibrated before and after
the experiment. The flucrometer showed no drift with the aperature
setting most used during the test day (aperature setting 10x was
uged for concentrations of 0.2 - 3 p.p.b.). The other aperatures
showed a maximum variance of 6%. All of the measurements showed
the instrument's response to be near linear through each aperature
setting.

Some three-and-one-half hours after the dye had initially
surfaced, the dye plume was judged to be well established in a quasi-
stable state. Repetitive traverses, marked with sextant positioning,
were then made across the axis of the plume at numerous downstream
locations (see Fig. 10). The chart from the Rustrak recorder was
then referred to a calibration chart to determine concentration
values,

Water samples were taken at areas of high dye concentration
for analysis in the laboratory. These concentrations were too high
to be measured in the field and, therefore, were diluted in order to
regiater on the fluorometer. Some were taken at a plant station
along the pipe just as they left ghore. These samples were used
to determine the initial dilution or dilution from the plant to the
boil. Other samples were taken in the boil to complete the contour~
ing picture.

After the dye plume had been mapped with the repetitive traverses,
the boat was docked at the Rosenstiel School of Marine and Atmospheric

Science (RSMAS) (see Fig. 1). The fluorometer and the recorder were
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left in operation in order to monitoy the exodus of the dye on ebb
tide and observe whether any dye reantered the inlet on the following
flood tide, The data generated by this experiment will be presented
in the water quality analysia sectiqn of this paper.

The continuous reading, flow-through fluorometer produced data
that was highly conducive to contour plotting. Figure 10 gives an
extremely clear, graphic presentation of the effluent plume., In
additrion, the fluorometer readings have 2 quantitative validity when
used to represent effluent concentratione since the dye thoroughly
tags the effluent,

Wind influence wae again found to be important to the initial
direction of the plume, During this experiment, the wind wag out
of the northeast at 8«9 m.p.h. Figure 10 shows the dye plume headed
toward the southwest aligned with the wind. Thia brought the dye
plume intc the i{nfluence of the tidal flood currents of Bear Cut,
Hence, the dye plume was carried through Bear Cut and into Biscayme Bay.

The leading edge of the dye plume was ohserved to reach the
bridge 3 hours and 17 minutes (3.28 hours) after it surfaced at the
outfall. The current speed measured at Bear Cut bridge with a drift
bottie was found to be approximately 1.65 k. This would carry the
dye into Biscayne Bay 3 hours and 35 minutes (3;58 hours)} after
surfacing. From these measurements, it 1s projected that the dyed
effluent reached the mouth of the inlet (ocean side) 2 hours and
54 minutes (2.9 hours) after surfacing.

The dye concentration in the boil had an average value of
49 p.p.b. This high concentration is seen to diminish rapidly near

the boil (e.g., 60X in the first 400 feet), After leaving the initial
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mixing zone of the boil, the concentratiom contours became longitudinally
oriented along the axis of plume travel. The contour lines are analogous
to the equipotentials of a source in a uniform flow.

It is seen that the bay received a high concentration of 1.5 p.p.b.
With the boil's average reading of 49 p.p.b., this would give a hori-
zontal dilution of 32,7 to 1. Samples taken in the sewage plant just
before entry into the outfall pipeline had am average concentration
of 405 p.p.b. Therefore, the vertical or initial dilution is computed
to be 8.3 to 1; and the overall dilution from the plant to the bay is
270 to 1.

Samples taken for inorgamic phosphate content at the plant and
in the boil gave a vertical dilution ratio of 10 to 1, which is in

good agreement with the ratio achieved with dye.

Comparative Analysis

Data gathered in the field during these dye experiments were
inserted into the particle trajectory computer program, and the
results of each method were compared., Surface current measurements
were obtained near the outfall by use of a drift bottle. These
values were used as uniform flow values (coastal current) in the
computer program {(uged Q valueas as listed in Table 2). These measure-
ments will deviate somewhat from the true uniform flow since 1) the
inlet tidal forces did exert their influence in the area of measure-
ment, and 2) the drift bottle had some sail area. However, the sail
area wag small, and the effects of the inlets were minimal in the
measurement area. Therefore, the measurements are a close representa-

tion of the uniform flow.



Table 4 lists the results of the particle trajectory program
runs uaing field data gathered on the days that dye was followed
entering Government Cut (April 7, 1972) and Bear Cut (May 5, 1972)
and also the day it was traced approaching Norris Cut (April 4, 1972.)
It 18 observable from a comparison of the results of the field and
computer work presented that the computer model was able to duplicate
the field findings quite well. The Bear Cut couputer prediction had
the largest difference (13.2%) from the field data in travel time
to the irlets.

This good agreement establishes confidence in the model. From
these results, it is seen that the assumptions and modifications
made for eimplicity did not interfere with the program's ability
to produce meaningful and accurate predictions. In fact, attempts
made to insert a sinusoidal sink rate (Q) and a sloping bottom failed

to improve on the reaults displayed in Table 4.

WATER QUALITY ANALYSIS

During the dye tracing experiments, numerous parameters were
meagured in and out of the plume. These measurements served not
only to trace the plume but also to determine some of the sewage
treatment plant’'s input to the coastal and bay waters. These waters
are classified as Class III by the astate of Florida. (Class III
waters are those which are to be used for recreational purposes,
including such body contact activities as swimming and water skiing,
and for the maintenance of a well-balanced fish and wildlife popula-
tion (Rules of Department of Pollution Control, Chap., 17~3). The
state has established quality standards to be met to malntain these
wateras as Class III. One standard states that the coliform bacteria
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group ghall not exceed 1,000 pgr 100 ml on a monthly average, nor
exceed 1,000 per 100 ml on 20X of monthly samples, nor exceed 2,400
per 100 ml on any one day (Rulqp,DaPt. of Pollution Control, Chap. 17-3).
This standard will be referred to when discussing coliform bacteria
measurements made. Another standard establishes a maximum level on
the turbidity of these waters. The particulate matter adds directly
to the turbidity of the waters. Nutrients encourage algal growth
which in turn increases the turbidity.

The great number of parameters measured denotes an attempt to
make the most efficient use of the boat time available, They also
supplied the author with a wide range for familiarization with sewage
outfells in general. The data gathered is not extensive in any
particular paremeter but offers a broad area for study and understanding

of ocean outfalls of this type.

Salinity and Temperature

The effluent of the treatment plant 13 less saline and warmer
than the coastal waters. Samples taken at the treatment plant showed
the effluent to have s salinity of 2 o/oo while coastal waters were
generally 35.8 °to0. Temperature measurements at the boil were usually
0.8°C above ambieant.

Continuous measurements were made of these parameters in the study
area with a Bissett-Berman Thermosalinograph Model 6600-T. This
instrument consists of a control unit and a remote sensor. The control
unit contains an adjustable speed chart recorder that provides a
graphic record of salinity and temperature. The remote sensor measures

salinity by a conductivity cell, which is temperature-compensated to an
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accuracy of 0.15 ®/0c on the ranges used, The remote semsor also
contains the temperature probe which is accurate to +0.1%.

The thermosalinograph was installed on a 22 foot Aqua-sport
motorboat. The boat wae specially fitted to accommodate & hydro-

dynamically shaped sampling probe that is affixed to the hull. The

probe is connected to the remote sensor via hosing and a 12 volt

(7 amp. maximum) pump (see Fig. 11). Iz this manner the remote sensor
is constantly supplied with seawater at a rate of 5 gallons per nminute,
The salinity and temperature of the water are measured and then the
gampled water is pumped over the eide of the boat in this constant
flowing system. The measurements are fed into the control unit and
recorded on the chart recorder.

With the sampling probe ome foot below the surface, the boat
traversed the plume generated by the outfall and tagged by the dye.
The stations and time were marked on the chart paper at the beginning
and end of each traverse to give a distance/time relationship for
computing the boat speed. With this information, horizontal {surface)
contours for salinity and temperature could be drawn.

Temperature proved to be a poor means of following the effluent
plume, The temperature difference existent between the boil and
coastal waters disappears rapidly as the effluent mixes with the
coastal waters. No temperature signature was found in the plume at
a distance greater than approximately 600 feet from the boil., Salinity
was found to be a better means of locating the effluent plume. A
typical salinity contouring plot is presented in Fig. 12, This figure
was generated from data pathered om April 3, 1972, The lowest reading

in the boil was 29.6 °/oo. Background salinity on this day was
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3.8 °/oo, giving a difference of 5.3 ®/oo. As the efflueat is

carried away from the cutfall (compare with Fig, 6), the salimnity
increases due to the diffusion and mixing with the coastal waters.

The less saline water of the outfall was still observable at a distance

of 5,000 feet from the boil.

Particulate Matter

Sewage {8 high in organic and inorganic particulate matter.

Even after treatment, the particulate content of the wastewater is
discernably high. At stations along the axis of the plume, as marked
by the fluoreacein dye, water samples were taken to be used for partic~
ulate measurements. When collecting the samples, care was taken not

to introduce particles from contact, The samples were collected in
special bottles made of palycarbonate (PC). PC is a material to which
particles will not adhere., Hence, with a selight agitation, all the
particles in the bottle are in suspension for accurate particle
measuring.

The sample bottles were returned to the laboratory, and their
particle content was measured using a Coulter Counter Model T. The
Coulter Counter contains a test cell that operates in such a way that
sample water and electric current flow through a small orifice in the
cell. When a particle from the sample water goes through the orifice,
the electric circultry sees this as an increase in resistance, which
is proportional to the volume of the particle. In this way, the
counter has a record of the volume and number of particles in the
sanmple. A printer supplied with the unit prints out a record of the

number of particles of particular size ranges and their volumes. The
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cumulative volume is the total volume of all the particles in one
cubic centimeter of sample water, These readings were converted
into concentrations——the units being parts per million (p.p.m.)

In thege experiments, the particles measured ranged from 1 to
37 micron {mm x 10_3) in diameter.

A representative day's data is presented in Fig, 13, This is
compiled from water samples taken on April 6, 1972, It is obgervable
that the particle content of the waters at increasing distances from
the boil displayed a fairly consistent decreasing gradient (compare
with Fig. 8). The boil produced a high reading of 4.5 p.p.m. which
is 15 times higher than the lowest reading of the day {0.3 p.p.m.
found in the waters seaward of the observed color line}. At a distance
of 4,800 feet along the plume’s path, the reading was 1.0 p.p.m. or
22% of the boil value. This value is greater than 3 times the 0.3 p.p.m.
value. Not all of this difference in generated by the presence of
effluent since the coastal waters norwmally have a greater particulate

volume than waters of Florida Current origin.

Aerial Photography

On May 5, 1972, an aircraft was used as an additional observational
tool to map the surface effluent plume. The airplane personnel were in
radio communication with the boat operations crew and flew at altitudes
ranging from 2,000 to 4,500 feet.

The aerial survey included both color and infrared photography.

Two 35 mm cameras with 28 mm £3.5 lens were used; one with a sky-light
filter for kodachrome color, and one with a yellow filter for ektachrome
infrared. The cameras were cperated nearly simultaneously at uneven
time intervals. The pictures were taken with the camera inside the

aircraft, ghooting through the side window as the plane rolled.
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Plates 2 and 3 are photographs showing the red-dye (rhodamine WI

dye) plume in its quasi-stable form eminating at the outfall and working
its way into Bear Cut. For comparispn, refer to Fig. 10, The contrast
was not as sharp as hoped, but the ppotos afford some visual satisfaction
of the day's activity. Infrared photos taken ou this day possessed even
less contrast than the color photos and, were therefore, of little value.
Plate 2 was shot over the ocean looking west with Bear Cut to the left
and Norris Cut to the right. Plates 3a and 3b were shot over Norris
Cut at the same time. The view in 3a is toward the east with the outfall
to the left, Plate 3b is looking south with Key Biscayne and Bear Cut
bridge in the upper right corner. The double lobe shape seen in the
dye plot (Fig. 10) is obvious here.

A fortuitous photo was produced when a NOAA geologlst, Dr. G.
Freeland, shot Plate 4 while flying over the study area in the Goodyear
Blimp. The picture was taken looking north with Government Cut in the

upper center of the photo.

Coliform Bacteria

“"The coliform group of bacteria, which has its primary habitat
in the intéstinal tract of human beings, has long been the preferred
{ndicator of fecal contamination of water and consequent possible
presence of intestinal parasites or pathogens" (Fair, Geyer, and
Okum, 1968)., Hence, coliform measurements were undertaken 1) as
indicators of water guality and 2) to help determine if pathogens
could possibly reach the shore areas.

The coliform counts were made of water samples taken at the
fluorometer outlet or over the side of the boat when the fluorometer

was oot in operation. The samples were kept on jce to minimize the
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bacteria die-off and/or reproduction while being returned te the
laboratory for analysis (see Table 5).

On April 6, 1972, although only four samples were taken, the
results, presented in Fig. 14, show p clearly decreasing gradient as
the effluent moved off from the outfall (compare with Fig. B). At
the boil a count of 450 coliform per 100 ml was obtained. Some 3,600
feet from the boil a count of 95 coliforms per 100 ml or 21% of the
boil reading, was still measurable.

In connection with the experiment of May 5, 1972, the EPA set
up their laboratory equipment for bacteria analysis on the dock at
RSMAS. Several times during the day's experiment, samples were
returned to the dock in order to minimize the time delay between
collection and analysis. All samples so collected were millipore-
filtered within two hours of collection. The results were both
startling and informative. Both total and fecal ccliforms were
measured at seventeen stations at varioue times during the day
(see Table 6). The furthest station where coliforms were measureable
was 4,100 feet from the boil (see Fig, 15). At the time this measure-
ment was made, the boil had a reading of 380 coliforms (total) per
100 m1 and 46 coliforms (fecal) per 100 ml. Due to a dramatic
decreage in coliforms observed before these measurements were made,
this picture is ncot accurate or rep?esentative for the day. The first
sample taken in the boil showed a fecal coliform count of approximately
102,000 coliforms per 100 ml (see Table 6). Three-quartera of an hour
later, the fecal coliform count was down 50% to 55,000 coliforms per
100 ml. The next hour and 10 minutes saw a drastic drop to a coliferm

count of 46 coliform (fecal) per 100 ml. The final sample taken at
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TANLE 6
Bacterial Sample Results for May 5, 1972
Total Fecal Time
Station® Coliform/100 ml Coliform/100 ml Collected

B-1 (Boil before dye) >27,000 =102,000 0925
A~1 (Background coastal) <2 <2 0935
B-2 {Boil) 53,000 55,000 1010
§=3 (Bolil) 380 46 1120
S-4 815 950 1148
S-4A 86 b4 1151
S~5SA 76 90 1157
§-5 116 144 1201
5-6 (Boil) 76 6 1330
5-7 8 <2 1338
5-8A 2 <2 1355
§-8 & <2 1359
$~8 (Background) <2 <2 1404
5~9 <2 <2 1407
5-10 <2 <2 1421
§-12 <2 2 1434
5-13 <2 2 1441
5-15 <2 <2 1521
8-16 <2 <2 1542
$-18 <2 <2 1605
Control <1l <1 1745

*Stations located on Fig.

Lab work by EPA
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the boil produced a count of 6 coliform (fecal) per 100 ml. This
tremendous decline in coliform bacteria measurable in the effluent
ig due to a gubstantial increase in chlorination at the plant during
thie period. The plant operator reported the rate of chlorination
was increased beginning at the time the dye was added (EPA, 1973).
This great varlance 1in bacteria kill makes the data rather nebulous.
However, an important fact should be noted here, The mass of water
containing the high coliform counts emerged from the outfall pipe
and moved on before the dye plume was established and traverses
caken acroes it. Therefore, the water of high coliform content was
never encountered again. However, it is feasible to calculate what

the coliform count would have been had the water contaminated with

the high number of coliform bacteria been sampled again off the beach,

From fluorometer concentrations at the boil (49 p.p.b.) and on the
beach (1.5 p.p.b.), it 18 éeen that the reduction from the boil to
the beach is 3.0 x 10-2. This corresponds to a coliform count of
3,060/100 m1 at the beach when the boil couat is 102,000/100 ml as
measured. If the winter value (water temp. = 75°F) of bacteria die-
off derived by Putnam (Stewart, Putnam, Jones, and Lee, 1969) for
#outheast Florida coastal water is used, an additional reduction is
obtained. This die-off equation is as followe:

OEN), = QBN) - e+ 31t 17)

where MPN = mogt probable number of coliforms/100 ml,
T = total,

0

original, and

t = time in hours.

60
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The die-off reduction is seen to be 3.9 x 10 " and the total reduction

is 1,17 x 10—2. This indicates that the Virginia Key bathing waters
contained bacteria counts of 1,190 qoliform per 100 ml or approximately
1.2 times the accepted water quality maximum (monthly average). Two
points need to be mentioned here. The first is that the water quality
standards are estasblished with total coliform. The 102,000/100 mi

boil count used is fecal coliform. However, the total coliform count
should be higher than the fecal; therefore, calculations are on the
conservative side. The second is that the value of 1,190 coliforms/
100 ml does not exceed the 2,400 coliform/100 ml standard for any one
day. It is not known how often this high count occurs in the boil;

but from this work, it is believed that the appearance of effluent in
the inlets and by the beaches is not infrequent. Therefore, a possibil-
ity exists, though probably slight, that the standard stating that

20% of the monthly samples must not be greater than 1,000 coliforms/
100 ml might be exceeded.

If this high coliform count at the beil is congidered as not just
an incidental occurrence producing a bacterially high water slug, but
existent for the time necessary for the plume to achieve its quasi-
stable (approximately 3 to &4 hours) as depicted in Fig. 10, then the
following calculations are possible. The distance between the outfall
end the Bear Cut bridge is 1.8 nm, and the plume took 3.28 hours to
traverse this distance; therefore, the average current speed 1s 0,55 k.
Using this speed in conjunction with Eq. 17), bacteria die-off calcula-
tions were made. These mumbers were used with the physical reduction
due to dilution presented in Fig. 10, and the result is shown in Fig. 16.

The area outlined inm Fig. 16 contains coliform counts greater than or
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equal to 1,000/100 ml; the valyes within brackets are calculated
coliform counts along the axis pf the plume. Therefore, the outfall
under the conditions stipulated would render this area, some 2.34 x
lo?ft2 (537 acres), unacceptable for swimming or any other water contact
activity if this occurred 20Z of the monthly sampling time.

Some interesting observations can be made from the data gathered
on May 5, 1972, when the sampling boat was docked with the operating
fluorometer aboard. The record generated indicates that dyed effluent
did exit the bay on ebb tide following its entry on the previous flood
tide. Since this record was gathered at only one location, a quanti-
tative value could not be placed on this flushed effluent. However,
it can be postulated, that while a portion of the effluent will leave
the bay, some will remain during ebb tide. This is produced by an
asymmetry in the flow patterns between flood and ebb. The physical
situation is such that the flooding coastal waters achieve high
velocities (approximately 3 k) coming through this narrow inlet—-

Bear Cut. Upon entry into Biscayne Bay, these waters flow far imto
the bay. This jetting action carries these waters, and hence effluent,
further into the bay than the less forceful ebbing waters can reach.
During ebb tide, the bay waters are drawn more uniform radially Into
Bear Cut. The result of this asymmetry of flow patterns is that all
the waters tainted with effluent that enter on flood tide do not exit
on the ebbing tide. Therefore, effluent gets stranded in the bay.

Further data gathered in this experiment indicates that of the
effluent that exits on ebb tide, a quantity of this returns on the
following flood tide. At the point location of the fluorometer, some

2BY of the reading taken on the ebb tide was measured on the returning
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£lood tide. Hence, the Biscayne Bay-Bear Cut system possesses a

cyclic mode vwhich returns previously flushed waters to the bay.

pr. H. Gordon (1973) alsc has observed this occurrence and, based on
21 days of particulate data, estimates the percentage of refurn to be
as high as 70 to 80%. This finding, coupled with the belief that
contaminated flooding waters are stranded in the bay, foretells of

a persistency on ;he part of the effluent-contaminated waters to

remain in the vicinity of Bear Cut and Biscayne Bay. When one con-
siders the ability of some bacteria and viruses to survive in sea-
water, e.g., 6 to 90 days for poliovirus (Gerba, 1972), the tendency
for effluent-polluted waters to reside in the bay and cut over extended
periods of time takes on added importance, It means that local bathers
and area fauna are exposed to, and have a greater opportunity to be
infected by, aewage—contaminated waters,

On three separate days, random bottom samples were taken in the
atudy area and returned to the lab for bacteria analysis. These
samples were taken by dragging a weighted sampling bucket over the
bottom and also by using a small, one inch in diameter corer. The
corer did not produce a useable core at all times due to the loose,
sandy nature of the bottom. Therefore, the bucket became the main
source of collection for the sediment samples, Again the samples
were iced and returned to the laboratory (U/M) for analysie (see
Table 5). Figure 17 shows the results of the coliform counts
(coliforws/100 ml) made on all three days. The data reveals a
distinct gradational decrease in the coliforms as one moves out
from the outfal), This decrease is lesst pronounced toward the east.

The high valueg to the east and lgw values to the west of the outfall
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are probably demonstrative of the jetting action of the inlets. The
combined jetting of Norris Cut and Bear Cut on ebb tide is in an
easterly direction and would move the effluent plume toward the east
where solid material could be deposited. The more detailed gradient
cbservable to the nmorth exhibits the possible value of a close grid
survey. The coliform counts form a moderately consistent gradient
for some 2,400 feet. If more stations had been taken, it is felt
that the bottom coliforms might have given a view of the effluent
plume's mean path. For example, more stations located to the near
south of the outfell would have permitted a more definitive statement
to be made about the northern gradient. It can only be szid here
that the effiuent piume has a north component, but it is not possible
to determine from these data if this is a preferential directiom.
High coliform counts were found in four sediment samples taken
off Virginia Rey Beach on all three days (see Fig., 17). They ranged
from 1,500 to 5,500 coliforms per 100 ml, These measurements were
all made in shallow water, approximately 100 to 200 feet from shore,
along the public beach. These high levels of coliforms in the sediments
indicate a public health hazard to bathers at Virginia Key Beach,
eapecially if these organisms and others can be resuspended., It is
not known if these high coliform counts are attributable to the out-
fall since there were no samples taken between the outfall terminus
and Virginia Key Beach., The fact that the public beach uses septic
tanks that were installed sbout elghteen years ago offers another
Possible explanation for the high values. Again more sample stations

would have helped make the picture more definitive,
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The above coliform sedimentary analysis must be tempered with
the realization that a lack of knowledge concerning coliform growth
in seawater sediments existg. This lack of knowledge clouds the
exact meaning of the numbers. For gxample, it is not known whether
the coliform counts made represent growing colonies of some longevity
or short-term deposits. Hence, though the counts give an idea of the
plume's path, it is not certain for what range of time this path is

representative.

Nutrients

Sewage effluent contains considerable quantities of nutrients,

Some typical values are presented in Table 7,

TABLE 7

Typical Values of Some Nutrients in Sewage Effluent*

mg/1

Phosphorus as P 10
Ammonia Nitrogen as N 11.
Nitrate-Nitrite Nitrogen as N 4
5ilicon as S5i 5

e N

*Extracted from EPA, 1973

These nutrients were measured 1} to act as indicators of water quality
and 2) to help determine the concentration of these nutrients in the
effluent plume.

Water samples were collected during each experiment and returned
to the laboratory for analysis. The analysis of the samples was done
by three different laboratories, They are listed along with the method
thay uged in Table 5. In the results, the separate laboratories will

be acknowledged along with their contribution.
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The principal macronutrients about which most is knowmn, as is
reflected in Table 7, are the various forms of phosphorus, nitrogen,
and ailicon. Phosphorus and nitrogan are basic ingredients for the
growth of algae. Silicon i{s a nutrient material which is an essential

part of the solid structure of silica flagellates, diatoms, and some

radiolariane and sponges (EPA, 1973).

Phogphorus

Phosphorus was measured in two forms, total and inorganic phosphate.
A comparison of all phosphate data taken throughout the experiments shows
that the phosphate in the effluent was almost totally in the form of
inorganic phosphate (approximately 94X). The average boil reading for
all inorganic phosphate measurements was 340 ug/l. An interesting obser-
vation can be made when this figure is compared to the inorganic phos-
phate measurement of 1,066 ug/l made by Lee and Teytaud (1971) on
February 5, 1971, at this outfall. The measurements indicate that the
present effluent is only one-third as rich in phosphates as in February,
1971, The event that probably had the most to do with this large decline
in one year's time was the adoption of county ordinance 71-31. This
ordinance states that no detergent using phosphates will be gold in
Dade County as of April 30, 1971.

Even with this major decrease in phosphate levels, the boil read-
ings of inorganic phoaphate over all experiments averaged 76 times
higher than background. Figure 18 is 2 contoured representation of
inerganic phosphate measurements made on April 7, 1972 (compare with
Fig. 9). On this day the boil had an inorganic phosphate count of
276 ug/l, some 59 times greater than the background value. The furthest

station from the outfall had a count of 17.4 ﬁg/l or 3.7 times the
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Inorganic phosphate contours for April 7, 1972
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background value, The downstream reduction was therefore 16 to 1,
Lee and Teytaud (1971) mentioned that mixing and diffusion with coastal
waters, along with biological absorption by phytoplankton, are the
major causes for this reduction. As was noticed with other measured
parameters, & major portion of the reduction occurs in the near boil
area. It is observable from Fig. 18 that within 1,200 feet of the boil
the initial phosphate concentration is reduced by 63%.

The phosphate readings did not return to background in the plume
as far as it wae traced, which was 9,500 feet or greater than 1.5 nm.
The plume entered Goveranment Cut and carried with it the high phosphate

levels into Biscayne Bay.

Nitrogen was measured in two forms on May 5, 1972, as amionia and
as nitrate-nitrite, The nitrate-nitrite was low in the boil and became
diluted to background levels within 2,500 feet in the plume, The
average ammonla nitrogen concentration in the boil was 855 ug/l, some
170 times the background level., The ammonia nitrogen was measurably
existent in the total dye plume as can be seen when comparing Fig. 10
(dye) and Fig. 19 {(ammonia). The plume, upon entering Biscayne Bay,
had a high reading of 45 wg/l which is nine times the background value
for ammonia nitrogen. Figure 19 clearly depicts the ammonia nitrogen's
eatry intc Biscayne Bay through Bear Cut after traveling approximately

2.5 nm. A similar plcture is geen for silicon concentrations in the

plume of May 5, 1972 (see Fig. 20).

Silicon

The boil displayed a silicon countent of 665 ﬁg!l or 70 times the

background reading. The bay received concentrations of silicon 5.3
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times background levels. These nutrient plots pictorially establish

T
the plume’s entry into the bay. The nutrient measurements themselves

unquestionably show the nutritional input the aewvage outfall makes
to Biscayne Bay.

A survey of the existent but limited data on nutrient levelsg of
upper Biscayne Bay (near Rickenbacker Causeway) revealed large seasonal
changes in phosphate, ranging from 0.00 g/l to 22,32 ug/l and averaging
about 6.82 ug/l (McNulty, 1966; Dade County Pollution Control, 1972).
Ammonia messurements made in south Biscayne Bay averaged about 0.19 ygll
(U. S. Geological Survey, 1973). These ammonia measurements were made
on only one day, localized in the southern bay, and, therefore, are
not highly representative, HNo silicon data was found.

When comparing these figures with the plume readings, there is
an indication that effluent's nutrients are contributive to the putrient
intake of the bay. Outfall plume phosphate and ammonia levels in the
bay are 2.5 and 237 times the background bay readings, respectively.
Considering that the effluent emters the bay 40% of the time, this

contribution seems appreciable.

The bay effluent readings were also found to be greater than the

highest readings that the U. S. Geological Survey (Freiberger, 1972)

obtained in the two canals--the Miami River and the Coral Gables Canral--

entering this upper bay area. Bay effluent phosphate levels were

greater than 2 times and ammonia levels were greater than 15 times

these canal readings. This finding emphasizes the significance of the

outfall effluent on the overall nutritional level of the bay.

trand
The ability of the Bear Cut-Biscayne Bay flow-patterns to 8L

enjuncticn
effluent~tainted waters in the bay must again be considered in conf



with nutrient levels. sSome of the effluent waters which enter the
bay will diffuse and mix with the bay waters and become one with them,
The latest caleulat{on on the residence time of Biscayne Bay waters
(Gordon, 1973) 1s& approximately 100 days. Hence, the nutrients brought
into the bay in the offluent have quite sufficient time for biological
uptake. The flow-patterns in the area and this high residency time
indicate a situation where the nutrients are permitted te accumulate.
Therefore, 1t can be said that nutrients enter the bay from the
city sewage outfall. Their concentrations are slgnificantly higher
than the normal bay levels. The congistency of this input makes
their contribution appreciable, These effluent nutrieat concentrations

are greater than any other measured major input (i.e., the Miami River

and the Coral Gables Canal) into the bay in the area under consideratiom.

The flow-patterns in the bay-cut area can permit these nutrients to be

taken up in the ecosysten where they accumulate.

PROPOSED QUTFALL EXTENSION

The city of Miami iz under federal order to extend their ocean
outfall pipeline. The extension that is planned by the city would
put the outfall terminus some 2,9 nm (17,500 feet) east of Virginia
Key in 90 feet of water (see Fig. 1). An attempt to estimate the
effluent particle movement at this new location was undertaken.

With the established belief that the particle trajectory model
produced reasonable predictions with the existent outfall location,
the model was applied to the proposed outfall location. Due to the
many simplifications incorporated in the medel, the results will not

be an exact represent&ti‘m- However, the results are considered

meaningful when used A8 Buldelines, Steps were taken to make the
74
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modification of the model as cqnservative as possible in hopes of
producing results of some value,

The computer program for predietion of particle displacements
was used in its original form. A new uniform depth and highly
conservative values for the speed and direction of the uniform flow
vere inserted. A new depth of 26 feet (actual depth varies from 1 to
90 feet) was arrived at by taking a conservatively weighted average
from standard bathymetric charts. For the uniform flow direction the
worst cases were selected, those being a flow directly toward Norris
Cut {compass reading 2?90) and a flow toward Governmment Cut (compass
reading 298°). These directions were coupled with a uaniform current

speed of 0.5 k., The proposed outfall terminus will be located in 90

feet of water, a location which strongly establishes the outfall in the

edge of the Florida Current. A joint study by NOAA and U/M produced
a three-week record in a location similar to the proposed outfall site

{see C.M. #3, Fig. 1). This record, Fig. 21, shows the current teo be
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consistently to the north with short excursions to the south. A westerly

current of 0.5 k does not appesr on the record. Therefore, it is felt
that the speed and directions used are conservative to the point where
they might occur only on brief occasions, such as at the start of a
cyclonic eddy or during periods of stromg onshore winds.

With the direction eet at 279° the model predicts the effluent
will enter Norris Cut in 4 hours and 45 minutes (see Fig. 22). The
model predicts the effluent will enter Government Cut in 4 hours and
20 minutes when the direction is set at 298°. Therefore, on the rare
cccasions when the offshore currents come from the east, there is a

possibility that the inlets could be reached by the effluent.
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1f more common offshore cyrrent directions are used, the program
predicts that the effluent will not enter the inlets but will reach
the coast and beach areas to the north. For a current direction of
3400, the travel time 1s expected tq be approximately 8 hours; for
3500, 14 hours. This foretells of the possible contamination of these
areas with sewage effluent.

The apeed of the northerly current at the proposed outfall gite
comes close to averaging about 1 k, with excursions to 2 k {see Fig. 21),
Therefore, the 0.5 k speed used in the program is a conservative
estimate for the outfall site but is probably a good estimate of the
average speed over the distance from the proposed outfall to the
northerly intersection points with the coast.

From the predictions made with this modified program, it is felt
that the proposed ocean outfall will greatly reduce the incidence of
effluent entering Biscayne Bay and impinging on bathing beaches south
of Government Cut. However, the program also predicts the possible
contamination of beach areas between Covernment Cut and Baker's
Haulover (see Fig. 22} with waters containing active bacteria and viruses,
It 1s therefore felt that the proposed outfall location is not an ideal
location if the health and safety of Miami Beach bathers is to be
considered.

A plan proposed by Lee and McGuire (1972), based on their work
in southeast Florida, would place the outfall terminus at a deeper
depth of 300 ~ 400 feet. This would require extending the planned
extension only an extra 4,000 - 5,000 feet. Laying pipeline in these
deeper depths will be more expensive, but the cost increases seem

advisable since the Lee and McGuire outfall plan would alleviate
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the pollution hazard for the beaches north of the outfall. This plan

will be described in more detail in the recommendations.

DISCUSSIONS AND CONCLUSIONS

The main objective of this project was to trace the path taken
by the effluent of the Miami Sewage Treatment Plant once it leaves
the outfall pipe in the coastal waters off Virginia Key. This was
accomplished with accuracy and confidence, using both a mathematical
model and a varied field program.

The mathematical model was a simplified representation of the
study area, using a sink-source stream function format. This model
wag computer programmed to predict the trajectory of an effluent
particle once it is emitted at the outfall for a full flood cycle,
The program predicts that over the range of current direction angles
of 210° to 40° (magnetic), the effluent will enter one of the three
inlets in the study area and, consequently, the bay. It is strongly
evident from this work and others, that the current direction in this
shallow water study area is directly related and nearly aligned with
wind direction. With this correlation, the model prediction, and the
total wind record for 1971, it is believed that the effluent from the
city's outfall enters an inlet and Biscayne Bay 40% of the time or
80% of the flood tides.

The model's ability to accurately duplicate field-obtained data
established added confidence in its predictive capability. This
confidence fostered an expansion of the model to emable particle
trajectories to be made for the proposed outfall extension planned
by the city. The predictions made with this modified model 1adicate

that the new location fer the outfall will greatly reduce the {ncidence
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of effluent entering Biascayne Bay. However, it also predicte that
effluent will probably impinge on beach areas to the north of Government
Cut with active bacterla and viruses,

In the field, the effluent was pbserved to be retained in the
near shore areas off Virginia Key nearly constantly during flood tides.
When the effluent was tagged with dye, it was traced entering Govern-
ment Cut and Bear Cut on two separate days and approaching Norris Cut
on another. Fluorometric data gathered on the day the plume entered
Bear Cut definitely established the presence of the effluent in Biscayne
Bay. The fluorometer also monitored a propensity on the part of a
substantial portion of the flushed bay waters to return on the follow-
ing flood tide. Dr. H. Gordon (1973) estimates that as much as 70 to
80% of the flooding waters of Bear Cut are returning after being flushed
from the bay. These findings stimulate concern for the well being of
Bilscayne Bay and the public beacheg in this area when one considers
the nutritional, bacterial, and viral content of domestic wastewater
and the hazardous potentials of these constituents. This concern
prompts the following discussions.

Domestic wastewater {s high in nutrients, This manifested itself
in the concentrations of severgl nutrients measured in the effluent
boil: ammonia nitrogen, 170 times the coastal background; irorganic
phosphate, 76 times the coastal background; and silicon, 70 times the
coaatal backgreund. These nutrients existed in the plume for a distance
sufficient enough to enable them to enter Biscayne Bay. Measurements
of ammonia nitrogen and silica were made in Biscayne Bay at levels
9 and 5.3 times coastal water background, respectively, Inorganic
phogphate was measured entering Biscayne Bay at a level 3.7 times

coastal water background.
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The nutrient concentratiop levals introduced to the bay by the
effluent were significantly higher than the normzl bay levels and any
canal input into this bay area, The consistency of the effluent nutrient
input (40% of the time) makes this input noteworthy. A portion of the
nutrient~ladened effluent will mix with bay waters and eventually be
taken up in the ecosystem where accumulation of nutrients can occur
during the 100 day residence time estimated for Biscayne Bay.

Nutrients are an integral part of the photosynthetic process of
algae and other plant l1ife. Certain amounts are necessary for a
balanced system. However, if nutrient concentrations rise above the
level needed for this balance, eutrophication of the water mass can
ensue. This would entail excessive growth of algae and other plant
life, depletion of dissolved oxygen, and other related problems
(Ferguson, 1968). There can be situations where excessive autrient
inflow will have no aignificant effect on algae growth because some
other factor, such as high turbidity or water color, may act to retard
algae growth (Lund, 1968). However, it 1s believed that in upper
Biscayne Bay one of the ingredients for possible eutrophication, at
times, can exist; that is a high nutrient input into a water body with
poor flushing characteristics. Therefore, it is felt that concern
is warranted.

Domestic wastewater contains large numbars of bacteria and
viruses. These organisms constitute a direct hazard to man through
wvater contact when the wastewater 1s deposited in the ocean. An
Indirect hazard glso exists since fish can transport human pathogens
to areas far from sources of contamination; e.g., an ocean outfall

(Clarke, Berg, Kabler, and Chang, 1964). Diseases such as typhoid
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fever, bacterial and viral enteritis, hepatitis, asiatic cholera,
bacterial dysentery, and peliomyelitis can be transmitted to man by
the water route (Gerba, 1972; EPA, 1973). Therefore, concern over the
presence of waters containing domestic wastewater 1s warranted.

From this study, it is clear that Miami's wastewater spends much
time in the coastal waters near shore and often makes its way inte the
inlets and the bay. On one day the effluent's presence was definitely
established at the public beach areas on Virginia Key.

The bacterial and viral content of these contaminated waters
as they contacted Virginis Beach is not clearly known. Measurements
made off the bathing area showed low coliform readings (less than
2/100 ml), However, these measurements were made on a day when highly
erratic readings were occurring at the effluent boil., Fecal coliform
counts varled from 6 to approximately 102,000/100 ml denoting a highly
ineffective chlorination system at the treatment plant. It has been
calculated, taking into account the physical dilytion and bacterial
die-off in the area, that the high boil coliform count of 102,000/100 ml
produced waters off the public beach area with 1,2 times the state's
accepted water quality standard (monthly average). When the high
readings are not considered as a short-term occurrence but are permitted
to exist for 3 to 4 hours on flood tide, calculations foretell of the
outfall rendering some 2.34 x 10?’ft:2 or 537 acres of coastal, inlet,
and beach waters unacceptable for water contact sports.

However, most of these calculations become purely academic when
some recent findings are noted. "In the past the safety of water from
pathogens has been determined by low coliform counte, but today it is

realized that this does not always give us a true indication of the
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presence of bacterial pathogens and none on the presence of viruses"
(Gerba, 1972). The original intent pf the water quality standard

of 1,000 coliforms per 100 ml was as a guide for action and gives no
direct insight intc pathogenic content (Carpenter, 1973)., Methods

and disinfection practices have evolved for coliform removal; the most
common, chlorination, {s used at the Miami Sewage Treatment Plan.
However, there 1s evidence that some bacteria may be resistant to
chlorination (Long and Bell, 1972). Also, chlorination of effluent

at levels which significantly reduce numbers of coliforms does not
affect viral content (Lund and Hedstrom, 1967). Therefore, it becomes
clear that low coliform counts generated by chlorination do not
necessarily mean the waters measured are safe or free of bacteria and
viruses. Metcalf and Stiles (1968) measured poliovirus in oysters that
were in waters that had coliform counts of 70/100 ml.

Even with the virucidal effects of seawater, survival time for
poliovirus has been measured by numerous investigators as being anywhere
from 6 to 90 days (Gerba, 1972). This would say that once viral agents
are lntroduced into the system, they could survive for days, increasing
their chance to infect a bather. This is particularly noteworthy
considering the finding of the cyclical nature of contaminated waters
near the Bear Cut Bridge and, hence, public beach areas.

It is therefore evident that the potential hazard of a treated
sewage effluent cannot be accurately judged by coliferm counts or
chlorine residuals. Plant effluents contain bacteria and viruses that
are deleterious to human health and in high enough levels to "warrant
concern" (EPA, 1973). This concern must be intensified with the knowl-

edge that seemingly none of the hospitals in the Miami area pretreat



their wastewater before they insert it into the Miaml sewer system,
Therefore, it is submitted that a more logical criteria or standard
for determining whether a hazard leyel has been teached is simply
establishing the presence or existence of effluent In recreational
waters. Effluent from the Miami Sewage Treatment Plant at times

contaminates the Virginia Beach area. The hazard exists.

RECOMMENDATIONS

These recommendations follow from the conclusions and a concern
for the health and well-being of the people and vaters of Miam{ and
neighboring areas. The present discharge location of the city of
Miami's ocean outfall is completely unacceptable., The fellowing is
racommended:

1. Until major alterations are made on the Miaml Sewage Treatment
Plant, improved practices need be initiated at the plaunt itself. The
The chlorination techniques used at the plant cbviously fail to kill
bacteria at a consistently high level and, therefore, need to be improved.
This might only require increased monitoring. Possible improvements
in removal of viruses might be initiated by use of coagulants such as

Alz(SO Ca(OH)z, or Fe013 (Berg, 1971),

)3
Hospitals in the area should consider some form of pretreatment
prior to insertion of their wastewater into the Miami sewage pystem
to remove bacteria and viruses. Chlorination and coagulants might be
ugsed, although water sterilization by heat might prove to be least
expensive.
Use of Virginia Key beaches should be restricted until the danger

of contaninated waters contacting the beach is removed. This recom-

mendation might seem harsh, considering the lack of evidence that any
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individual has been infected while swimming here. However, Berg (1971)
and Gerba (1972) point out that many viruses cause unapparent or
latent infections which are difficult to recognize as being water~
borne. These infected individuals may show no outward signs of disease
but can act as carriers to infect others.

2. If the city of Miami 1s going to stay with the concept and
use of ocean outfalls, it needs to conmsider the construction of one
that will serve its people best. Plans have been drawn for an exten-
gion of the present pipe to move it to a depth of 90 feet. This 1s a
depth being used by many of Miami's neighboring cities in southeast
Florida. Work dome on several of these outfalls by Lee and McGuire
(1972) has ylelded a concept for ocean outfall placement that takes
advantage of the natural structure of the coastal and shelf waters in
the area. In late spring and early summer, & geasonal thermocline
exists across the shelf in depths less than 100 feet, However, this
usually disappears in July. Lee and McGuire (1972) report that a more
permanent thermocline exists below the 200 to 250 foot level most of
the year (see Fig. 23)., 1If the sewage effluent were released below
the thermocline where it will mix and diffuse with surrounding waters,
the chances of it gurfacing would be greatly diminished.

It 1is recommended by Lee and McGuire that wastewater treatment
plant effluents be discharged between 300 and 400 feet through
diffusers. The diffusers obtain high initial dilutions of approximately

100:1 (EPA, 1973).

If this were done, the effluent would be emitted in waters of

high veloclty and below the thermocline. These natural oceanic

features would then mix the rising effluent at depth and, at practically
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all times, prevent the effluent from surfacing. If the effluent does
not surface, it will not come under the influence of a possible wind-
induced onshore current and, hence, will not be able to contaminate
bathing areas. Predictions made on the city of Miami's proposed outfall
extension to 90 feet show that when the effluent surfaces, Miami Beach
and areas north could receive effluent-contaminated waters. Locating
the discharge point below the thermocline would prevent that situation.

Even if the effluent should surface, the increases in dilutiom,
distance from shore, and contact time with the bactericidal and
virucidal properties of seawater will greatly lessen its potential
danger to shore and beach areas.

In addition to the outfalls, treatment procedures should be
increased at least to the state law requirements of 90% BOD removal
(secondary treatment) for all ocean outfalls. Disinfection should
be an integral part of this treatment. Both of these will help to
remove pathogens (Gerba, 1972). The pathogens once in the water
could infect man directly, on the rare occasions that effluent waters
might reach recreational areas, and indirectly, by being transported
by fish to these areas. The fauna itself can be harmed or made unsafe
for consumption (Gerba, 1972).

It has been found that chlorinated effluents high in ammonia
and organic matter can be detrimental to marine flora and fauna
(EPA, 1973). 1t is recommended that studies be initiated in this
area using Miami's effluent and treatmwent facility. It may be found
that a different method of disinfection, for example, ozonaticon, might

be best for the envirorment used for wastewater disposal.
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3. In the Federal Water Pollution Control Act Amendments of
1972, a national goal was establishad for the elimination of discharging
any pollutants by 1985. When this 1s coupled with the possible water
shortage in south Florida, an alternate method to ocean dispesal for
handling wastewater seems called for. It is recommended that serious
and energetic consideration be given te advanced waste treatment and
water reuse systems. Present and planned treatment facilities should
be prepared for eventual transfer to water reuse. Expediency calls
for improved treatment and extended cutfalls. Foreaight calls for

water recycling.
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